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sheath	 formation	 leading	 to	 exposure	 of	 the	 outer	 dense	 fibers.	 These	 results	 indicate	 that	 GK2	 is	 essential	 for	 proper	
arrangement	of	crescent-like	mitochondria	to	form	the	mitochondrial	sheath	during	mouse	spermatogenesis.
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 (J. Reprod. Dev. 65: 155–162, 2019) 





























































Generation of Gk2-deficient mice
To generate the Gk2	KO	mice,	we	prepared	the	pX330	plasmid	
(#42230,	Addgene,	Cambridge,	MA,	USA)	expressing	a	chimeric	
sgRNA	together	with	human	codon-optimized	Cas9	(hCas9)	by	









































































































































Morphological analysis of spermatozoa collected from the three 



















































































sgRNA,	we	checked	the	DNA	sequence	of	both	Gk and Gykl1 in 
Gk2	KO	mice,	and	confirmed	no	mutations	in	their	coding	sequence.
Gk2 KO spermatozoa cannot transit the uterotubal junction 
(UTJ) due to reduced motility, which induces male infertility
To ensure that the phenotype of Gk2-7/-7 mice are the same as that 
























































can be the cause of infertility of Gk2	KO	mice.














Gk2 KO spermatids exhibit abnormal arrangement of crescent-
like mitochondria, which causes a disorganization of the 
mitochondrial sheath







































such as fragmentation of mitochondria and short mitochondrial sheath 
[23].	However,	how	GK2	is	involved	in	mitochondrial	sheath	forma-
tion	remains	unknown.	Here,	we	studied	the	mechanism	of	disordered	
mitochondrial sheath formation in Gk2	KO	spermatozoa	using	the	
freeze-fracture	method	with	SEM.	As	a	result,	we	revealed	that	GK2	
is essential for proper arrangement of crescent-like mitochondria 




to reduced sperm motility caused by morphological abnormalities 
(Fig.	1F,	Supplementary	Figs.	2B	and	2C).	We	propose	that	this	is	
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